An improved and simplified protocol for DNA immobilization was developed to enhance DNA-DNA hybridization on microwell plates. Target DNA was immobilized by simple dry-adsorption. Efficiencies of DNA immobilization and retention were enhanced 1.4-6.5 times and 4.2-19.6 times, respectively, compared with a conventional method. The overall hybridization efficiency was increased 3.1-5.2 times. This simple new protocol can reduce the consumption of scarce DNA samples.
Non-radioactive DNA-DNA hybridization is a prevalent protocol in microbial taxonomy and detection of selected microorganisms (1, 2) . Probe DNA from a microorganism is often photobiotin-labelled (3, 4) and hybridized to target DNA from other sources for fluorometry. Target DNA is usually immobilized on a microwell plate. The use of microwell plate accommodates more manoeuverability in treating a number of samples in shorter time, and thus has an advantage over the use of membrane filters. In addition, immobilization of DNA to microwell plates allows extended storage periods of several weeks or longer (1, 7) .
The efficiency of hybridization on microwell plates depends mostly on the efficiency of DNA immobilization to the plates. Lower hybridization efficiency results from less immobilization and from 'peel-off' of once-immobilized DNA during subsequent procedures such as wash. Attempts to improve immobilization efficiency were made by the use of surface-treated microwell plates (5-7), UV-radiation (8) and high-cation buffers (e.g. high Mg 2+ ) (2, 8) . However, those improvements were of only limited effect or not easily affordable. We have improved DNA immobilization by developing a simple dry-adsorption protocol. This protocol allows: (i) more DNA to be immobilized; (ii) more DNA to be retained; and (iii) more DNA to be hybridized. Thus our improvement enables one to save DNA samples of small amounts.
We evaluated the efficiencies of immobilization, retention and hybridization ( Fig. 1) , using three different genomic DNAs of varying G+C contents from Clostridium perfringens (GC, 28%; Sigma), salmon sperm (GC, 41%; Sigma), and Pseudomonas aeruginosa (GC, 66%). DNAs were, prior to use, treated with proteinase K (Wako Pure Chemical Industries, Ltd., Tokyo) and RNase (Sigma), purified with phenol/chloroform, and dissolved in either pure water or buffers such as TE (10 mM Tris, 1 mM EDTA, pH 8.0) or modified PBS (8 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 , 0.1 M MgCl 2 , 137 mM NaCl, 2.7 mM KCl, pH 6.5) (8). The DNAs were then heat-denatured. B, immobilization-retention; and C, immobilization-retention-hybridization (overall hybridization). B was measured by simulated hybridization as follows: incubation in 200 µl of pre-hybridization solution (2× SSC, 5× Denhardt solution, 50% formamide, 100 µg/ml heat-denatured salmon sperm DNA) at 37_C for 10 min; incubation in 100 µl of hybridization solution (2× SSC, 5× Denhardt solution, 5% dextransulfate, 50% formamide, 100 µg/ml denatured salmon sperm DNA) for 2 h at 26_C for Clostridium perfringens DNA (GC, 28%), 37_C for salmon sperm DNA (GC, 41%), 42_C for Pseudomonas aeruginosa DNA(GC, 66%); and rinse three times with 1× SSC. C was measured as above, with probe DNA (300 ng) added to each microwell.
DNAs were immobilized to microwells by simple dry-adsorption. Dry-adsorption was conducted by adding DNA solution (each 300 ng/50 µl) to microwells, evaporating at 37_C overnight, and heating to dryness at 60_C for 2 h on polystyrene plates (Sumilon Multi well Plate, Sumitomo Bakelite Co. Ltd., Tokyo). DNAs were also immobilized conventionally by incubation at 37_C for 5 h, decantation, wash with PBS buffer and drying at 60_C.
Photobiotin-labelled DNA was immobilized for evaluating the immobilization efficiency by fluorometry with streptavidin-β-galactosidase (GIBCO BRL) and 4-methylumbelliferyl-β-Dgalactopiranoside (Wako Pure Chemical Industries, Ltd., Tokyo) (1). Dry-adsorption yielded higher immobilization efficiency than conventional incubation/decantation (Table 1, A) . In the latter, the decanted solution probably contained residual DNA, which lowered the immobilization efficiency. The difference in the immobilization efficiency between the two methods was about 1.4-6.5 times, compared with the DNA dissolved in the same solvent.
A greater difference was seen for the retention efficiency (Table 1, B). About 4.2-19.6 times more DNA (in pure water or TE) was retained by the dry-adsorption. Photobiotin-labelled DNA was immobilized and, prior to fluorometry, exposed to simulated hybridization procedures (with non-labelled probe DNA) to estimate the 'peel-off' of once-immobilized DNA. It is suggested that complete drying resulted in tighter adsorption of DNA (in * To whom correspondence should be addressed Table 1 . Relative efficiencies of A (immobilization), B (immobilization-retention) and C (immobilization-retention-hybridization) (see Fig. 1 ) for DNA from different sources Each determination was triplicated. pure water or TE), though the adsorption is passive. However, the retention efficiency for the dry-adsorbed DNA in PBS was significantly lower, and the choice of buffers should be considered. The use of PBS with high MgCl 2 concentration presumably resulted in recrystallization, which affected the physical contact of DNA molecules to microwell surface.
The overall hybridization efficiency was evaluated by fluorometry with photobiotin-labelled probe DNA from the same sources; immobilized DNA was not labelled. Dry-adsorption resulted in generally higher hybridization efficiency than conventional incubation/decantation (Table 1, C). The difference in the efficiency was about 3.1-5.2 times, with the exception of 0.55-1.8 times for the DNA dissolved in PBS containing high Mg 2+ . Recrystallization, again, affected the physical DNA-DNA contact and the ionic strength of hybridization buffers, and thus lowered the overall hybridization efficiency. This effect of presumed recrystallization seemed to be related to G+C content of the DNA used, though the relationship should be further studied with varying cation concentrations. Table 1 shows the efficiencies of immobilization, retention and hybridization after consequent procedures, rather than the efficiencies of individual procedures. This is because it is the overall efficiency of hybridization that has practical importance and is the focus of our improvement. However, if individual (not overall) hybridization efficiency is considered, it was lower for DNAs immobilized by dry-adsorption than conventional incubation/ decantation. This can be explained by the reverse effect of tighter adsorption of DNA. Dry-adsorption resulted in binding of a DNA molecule to microwell surface at multiple points, whereas the ideal immobilization of a DNA molecule is a binding at only one point (5) . However, the overall hybridization efficiency is higher with the dry-adsorbed DNA dissolved in pure water or TE, and a slightly higher efficiency was scored for the DNA in pure water.
It is conclusively recommended that DNA is dissolved in pure water and immobilized by dry-adsorption for DNA-DNA hybridization to improve the overall efficiency, i.e. to obtain higher hybridization scores. This means that the dry-adsorption protocol yields the same scores with less DNA and thus reduces the amount of DNA required from samples where it is not easily accessible.
